Texas Tech University's Role in Bioinformatics "As we envision it, our role at Texas Tech is fourfold. One aspect is to develop a specimen and geographic information systems niche in the field of bioinformatics to the point where it may be globally exploited. A second aspect is a role unique to universities, namely, to develop the philosophical under¬ pinnings of what will become a new paradigm that blends and synthesizes historical and contemporary information about living things. A third aspect is to interface the collections of museums into a bioinformatics-compatible format in order that our archival collections become a valuable resource for information on biocomplexity issues. The final aspect is to prepare and educate the specialists necessary to serve the broad needs of society."
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Front cover: Example of bioinformatic analysis from Texas Tech University employing the mammal collection and the Geographic Information Systems (GIS) databases in comparison to the ecological regions described by Bailey et al. (1994) . The computer-generated successive Texas maps show mammal species diversity (lowest in yellow, highest in red) and 100 year precipitation data (lowest in brown, highest in blue). Bioin formatics is an emerging field of science that integrates biological with geographical, climatologi¬ cal, health related, and economic databases to provide a framework for understanding biocomplexity within the context of significant societal issues (Grace 1997 , Fischman, 1996 . Bioinformatics is a systems approach that allows for retrospective analysis of past events, real¬ time analysis of complex contemporary data sets, and, ideally, positioning for an unpredictable future.
Until recently, "biology' was thought of as a scien¬ tific field that produced basic information ranging from fundamental 'facts of life' to arcane details of natural history. In reality', the biological sciences comprise criti¬ cal underpinnings of human health, environmental qual¬ ity and law, biodiversity, planetary exploration, economic and commercial development, and most importantly, farreaching policy decisions at all levels of government (Brenner, 1998) . Given this dramatic scope and truly remarkable educational and economic potential, Texas Tech University proposes to make bioinformatics a cen¬ terpiece of multidisciplinary education and research.
As bioinformatics has become more widely used, its definition has broadened. One current formal defini¬ tion from the world wide web (<http://www. bioplanet.com/whatis.html>) is "the systematic develop¬ ment and application of computing systems and compu¬ tational solution techniques analyzing data obtained by experiments, modeling, database search, and instru¬ mentation regarding biological aspects." At Texas Tech University, we have extended this definition to include "delivery of data and historical and real-time synthesis to all potential users" (Parker et. al, 1998) . Because of our educational mission, we think of users as students and the general public along with scientists, economic developers and professional decision-makers. "Users" are central to the whole purpose and limited only by human ingenuity.
Decisions clearly will be influenced and limited by information processing and the accuracy, reliability, and detail of information. Implicit is the conviction that benefits of bioinformatics to society range from eco¬ nomic competitive position and sustainable development to local health service and quality of life. Scientific re¬ search is an expensive enterprise, but in our judgement, bioinfonnatics and associated data mining is the most efficient means of controlling costs. If tire United States shirks this opportunity, other nations undoubtedly will rise to the occasion, giving them a great competitive ad¬ vantage in use of information. The result could be ero¬ sion of our preeminent position in scientific research and its applications.
The very nature of "knowledge," "information," and "data" is changing. Some of the most important elements are: (a) the existence of significant historical data sets; (b) an exponential increase in volume and diversity of new knowledge and raw data; (c) a global need for rapid acquisition and processing of information central to de¬ cision-making, strategic planning and education; and (d) mechanisms by which non-specialists and non-experts in science (e.g., economists, business and political lead¬ ers, planners and students) can gain access to reliable and usetlil syntheses of available information (Marshall, 1996) .
The birth and development of bioinfonnatics can be thought of as a response to the growing challenge fiat has become more pressing with each passing year. The major elements of this challenge are as follows:
• Far more scientific data (in terms of volume, com¬ plexity and diversity) exist than can be used by clas¬ sical methods.
• Most scientists (data collectors) are trained in more and more specialized areas, studying finer and finer details of a limited system. • The current educational process produces highly trained but narrowly focused scientists with a lim¬ ited field of intellectual vision. For the most part, biologists are not computer sci entists and relational database experts, and theprob 1cm of data management is beyond the current train ing of most biological scientists.
The Role of Museums and Voucher Specimens Natural History museums, such as the one at Texas 1 ech, represent a wealth of biological information that has been carefully documented in a time and space for¬ mat. Such collections might represent the most valuable biological resources in the world. Museum collections contain millions of specimens of plants and animals, many of which were preserved in such a way as to render them scientific treasure troves. Nearly all scientific names are referenced to a voucher specimen. Over time, voucher specimens increase in value through additional study and scientific publication. The huge numbers of voucher specimens are the foundation for thousands of scientific articles and books. Museums have enhanced the relevance of collections by modernizing: e.g., creat¬ ing archives of preserved tissues, listing of collections and biological studies online and making data sets avail¬ able for use in relational studies and other computer analyses (Baker, 1994; Baker and Yates, 1998) .
Modem methods of preservation of tissues (liver, kidney, heart, lung, spleen, reproductive organs) either chemically, or by cryopreservation, greatly enhance the value of voucher specimens (Dessauerand Hafher, 1984; Phillips, 1985; and Longmirc et al, 1997) , Such materi¬ als are sources of DN A, RNA, proteins, other complex molecules, tissues and microorganisms that provide li¬ braries of information on subjects including the history of life, biocomplexity (Mervis, 1998), life history strat¬ egies, disease and pollution. Genes recovered from such materials can be used in molecular biology procedures to develop transgenic plants, animals and microorgan¬ isms that can help solve world problems such as food production, insect and drought resistance, and produc¬ tion of pharmaceuticals (Wilson, 1989) .
There is an historical component to voucher speci¬ mens. Biological collections in museums provide a means of assessing change over time. A collection that spans one hundred years can be used to trace shifting ranges of plants and animals, changing genetic charac¬ teristics, trends in species richness and patterns of abun¬ dance. This data set then can be matched to data about temperature and precipitation, landscape and landscape uses, and management practices or policies. The value of historical or retrospective information scarcely can be over-estimated. One need only think of the contro¬ versy about 'global warming' to appreciate the need for historical reference points.
Texas Tech has assumed an active leadership role in bioinformatics (Baker et. al, 1997) by becoming a leading repository for biological specimens. We have increased our ability to archive and computerize speci¬ men-based information for input into the large relational databases by implementing more efficient procedures such as bar coding all specimens (Monk, 1998) . In less than three decades, we have amassed one of the largest collections of mammals in the United States and one of the largest collections of chemi cally and cryopreserved tissues from wild mammals in the world.
The Vision and Opportunity
Our vision at Texas Tech University is to develop bioinformatics as a centerpiece of our research and edu¬ cational mission. In this process we will integrate strengths from Biological Sciences and our museum sci¬ ence program, biological research collections, geo¬ graphic information systems (GIS) and landscape analy¬ sis programs, Institute of Environmental and Human Health (TIEHH), Imagine Analysis Laboratory, research programs in plant and animal genomics, and computer science programs. To achieve our ambitious goals, it will be necessary to implement the following.
• Develop a multidisciplinary research team consist¬ ing of relational database managers, computer sci¬ entists and biologists from a broad array of disci¬ plines.
• Create a research structure that provides a work en¬ vironment where the team interacts and works to-gether on a daily basis.
• Develop a system of regular team meetings, semi¬ nars, and discussion groups that integrates and fo¬ cuses on problems and research.
• Construct a curriculum of bioinformatics-based courses that fill the needs of educational growth in bioinformatics and that address undergraduate, gradu¬ ate and postdoctoral education.
• Provide hardware (super computer capabilities) and related equipment with the appropriate software to support the bioinformatics agenda.
• Develop computer language(s) suitable for interface with the GIS world and for data mining on distrib¬ uted databases.
• Create databases such as rain fall, soil types, land use and distribution of chemicals (fertilizers, pesti¬ cides, herbicides, air pollution).
• Texas Tech will continue to grow as a repository for biological specimens. By wisely choosing speci¬ mens to be preserved we can address numerous con¬ cerns including health and agricultural issues along with issues critical to understanding biocomplexity. • Acquire collections from other institutions no longer engaged in specimen-based research. In this unprecedented era of tight budgets and priority set¬ ting, many institutions have abandoned natural his¬ tory and specimen-based research. Collections housed at such institutions continue to occupy space and require resources for maintenance. Even more important, they are not being used to their maximum benefit for society and science. We will provide in¬ stitutions with an alternative for caring for these orphaned collections by placing them in an environ¬ ment where they will be properly archived and avail¬ able for use, • Establish a web site that provides users access to the databases including the museum collections.
As we envision it, our role at Texas Tech is four¬ fold. One aspect is to develop a specimen and geographic information systems niche in the field of bioinformatics to the point where it can be globally exploited. A second aspect is a role unique to universities, namely, to develop the philosophical underpinnings of what will become a new paradigm that blends and synthesizes historical and contemporary information about living things. A third aspect is to interface the collections of museums into a bioinformatics-compatible format in order that our ar¬ chival collections become a valuable resource for infor¬ mation on biocomplexity issues. The final aspect is to prepare and educate experts capable of serving broad societal needs.
In summary, Texas Tech University has recognized the fundamental significance of bioinformatics as a logical approach to enhance educational and economic growth. By developing a bioinformatics program as a centerpiece, the University is building on its existing strengths. In our opinion, implementation of a bioinformatics program will be the catalyst for true multidisciplinary education, research, and public service.
